Asynchrony of ventricular contraction causes splitting of the first and second heart sounds which can be detected clinically in most normal subjects, and deviations from normal due to electrical or mechanical delays on one or other side of the heart have received much attention as valuable physical signs and in the understanding of hxmodynamics.
group.bmj.com on October 22, 2017 -Published by http://heart.bmj.com/ Downloaded from pulse is late, resulting in an increase of the normal slight right-sided delays so that tricuspid and pulmonary closure are late (Braunwald et al., 1956; Leatham and Gray, 1956) , producing wide splitting of the first and second sounds (Fig. 1) . Ectopic beats arising in the left ventricle (LV), and thus right bundle-branch block in pattern, have a similar effect on the 1st and 2nd heart sounds ( Fig. 2) . With partial right bundle-branch block (RSR in VI and QRS less than 01 sec.), there is usually no delay in onset of the RV pressure pulse and no abnormal splitting of the 1st sound (Leatham and Gray, 1956) . In most cases of complete left bundle-branch block the onset of the LV pressure pulse is not delayed (Coblentz et al., 1949) , which could explain the absence of splitting of the 1st sound. The rise of pressure in the LV during the isometric period is, however, prolonged so that the carotid upstroke is late and aortic closure is delayed producing "reversed splitting" (P2 before A2) of the second sound (Fig. 2) (Leatham, 1954) . Thus it appears that most patients with left bundle-branch block really have left arborization block. We have seen only an occasional patient whose left bundle-branch block is associated with delayed onset of the LV pressure pulse as manifest by splitting of the 1st sound from delay in mitral closure. It is true, however, that there are not many patients with left bundle-branch block where the 1st sound can be studied, for it tends to be of low intensity, presumably because the atrio-ventricular valves have been semi-closed as a result of ventricular filling from powerful atrial contraction secondary to left ventricular disease or because of a slow rise of LV pressure. Ectopic beats of left bundle-branch block pattern, however, are frequently associated with reversed splitting of the 1st sound as well as the second, reflecting protracted conduction from the ectopic focus in the RV to the LV (Fig. 3) . Heart Sounds in Paced Beats. Stimulation of the heart from a catheter in the RV (endocardial RV) or from an electrode on the RV (epicardial RV) in one patient produced a single 1st sound. It appears, therefore, that there was no delay in the onset of LV contraction even when the stimulus was in the right ventricle, though these observations were limited because the 1st. sound was usually of insufficient amplitude and clarity to be studied. There was, however, delay in the spread of conduction to the LV (as in left arborization block) as shown by a delay in the aortic component of the 2nd sound ("reversed split") ( Fig. 4 and 5) . Stimulation of the heart from an electrode on the surface of the LV (LV epicardium) produced wide splitting of both 1st and 2nd sounds due to right-sided delay (late tricuspid and pulmonary closure: Fig. 6 ). Here again observations could only be made on the 1st sound in a few cases. In one patient the heart was stimulated from a catheter thought to be in a coronary vein over the LV, and there was right-sided delay similar to the effect of stimulation from an electrode on the surface of the LV. The catheter was then withdrawn to the cavity of the right ventricle and this reversed the order of the sounds (left-sided delay). In one patient with electrodes in parallel on the RV and LV, the heart sounds were normal as expected since the ventricles must have been contracting simultaneously.
The Table summarizes the relationship of the site of pacing to the order of the two components of the 2nd sound in 16 patients studied.
DISCUSSION
Splitting of the 1st and 2nd heart sounds can be detected during respiration in most normal subjects and is due to slight asynchrony of ventricular contraction. Our understanding of splitting of sounds and ventricular asynchrony from electrical delays can be increased by studying the heart sounds in bundle-branch block, ventricular ectopic beats, and during artificial pacing when the site of the stimulus can be made to vary. Conducted right bundle-branch block, ectopics arising from the LV, and LV epicardial pacing are associated with delay in tricuspid and pulmonary valve closure as expected.
With conducted left bundle-branch block and endocardial or epicardial RV pacing, we were surprised to find no delay in mitral closure, though aortic closure was delayed as expected. It appears that the cardiographic pattern of left bundle-branch block is usually an arborization block and some fibres of the bundle must remain intact, preventing delay in the onset of ventricular contraction, group.bmj.com on October 22, 2017 -Published by http://heart.bmj.com/ Downloaded from though the later spread of activation must be slow. Again, with artificial pacing from the cavity of the RV, early activation of the LV appears to take place but the spread of the impulse must be slowed to cause delay in carotid upstroke and A2. Yet natural ectopic beats arising from the right ventricle (of left bundle-branch block pattern) may be associated with delay in activation of the LV as shown by delay in mitral closure.
It is interesting that right bundle-branch block apparently causes delay in onset of contraction of the RV but left bundle-branch block does not cause delay in contraction of the LV. This may be due to differences in anatomy between the right and left bundle-the right remaining single for much of its length, the left arborizing soon after the bifurcation of the bundle. The localized nature of the right bundle must make it more susceptible to complete interruption. Indeed in isolated disease of the conducting tissue (Stokes-Adams disease) right bundle-branch block rather than left is the rule (Portal et al., 1962) .
Thus the study of changes in mechanical events as shown by splitting of sounds has helped the understanding of abnormalities of electrical conduction, which in turn has helped to confirm present ideas on the origin of the components of the first and second heart sounds. During artificial pacing the site of the stimulating electrode can often be placed by auscultation, and this is sometimes of practical value.
SUMMARY
Delay in electrical activation of the right ventricle from left ventricular ectopic beats, conducted right bundle-branch block, and artificial pacing from the epicardium of the left ventricle, all cause wide splitting of the first and second heart sounds from delay in tricuspid and pulmonary closure.
Delay in electrical activation of the left ventricle from right ventricular ectopic beats causes delay in mitral and aortic closure which can be detected on auscultation as reversed splitting of both first and second sounds. It would be expected that conducted left bundle-branch block, andpacing from the right ventricle, would produce similar left-sided delays, and while this was true for the second sound, no reversed splitting of the first sound could be demonstrated. It appears that the onset of left ventricular activation is seldom delayed and it is suggested that this is related to the early aborization of the left bundle.
These findings support present ideas on splitting of the first and second heart sounds and have some practical significance.
